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Abstract 
The presented dataset provides free global, topological, coloured elevation data 
with a resolution of 30 arc seconds, which is available free of charge under the CC 
BY 4.0 (Creative Commons Attribution 4.0 International) licence. It is derived from 
three well-known scientific datasets and is distributed in tiles covering 5x5 degrees 
of the Earth's surface. Furthermore, the tiles are available in three levels of 
resolution. While the data files can easily be imported into common CAD and 3D 
modelling software, the datasets genuine purpose is to be used as a 3D base map 
for service-based 3D visualization, especially in the context of Spatial Data 
Infrastructures. 
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1. INTRODUCTION & BACKGROUND 
While spatial data services, such as the WFS (Web Feature Service) and the WMS 
(Web Mapping Service), do play a crucial role in SDIs (Spatial Data Infrastructures) 
and are nowadays widely supported by Open Source and proprietary server/client 
GIS software, the time of service-based 3D visualization has yet to come. 
To date, the 3D Portrayal Service is under development and aims to be ratified by 
the OGC (Open Geospatial Consortium) as the standard means of visualizing 3D 
spatial data with SDIs. It was derived from drafts of both the Web 3D Service 
(W3DS) and the Web Viewing Service (WVS) and it is intended to be the equivalent 
of the WFS/WMS for the 3D domain (opengeospatial.org, 2017). 
Even after the Web Portrayal Service will have finally been adopted as a standard, 
creating 3D content from two-dimensional spatial data will remain difficult. To 
enrich two-dimensional features with a Z-coordinate that can later be used for 
extruding (for example, to create a 3D block from flat building outlines in a LOD1 
city model) is a simple but an often insufficient way. 
GIS suites like GRASS GIS and ESRI ArcGIS therefore provide support for 
Triangle Meshes or TINs (Triangular, Irregular Networks) as a means of creating 
topological, 3D representations of GIS data, which can be superimposed with an 
image texture, such as a satellite picture. While these export capabilities depict a 
suitable way to export raster-based elevation data that yields a rectangular output 
mesh, the export of arbitrarily shaped polygonal mesh data is not yet supported. 
Furthermore, through storing the colour information in an external image file, these 
colours are static and can only be varied by editing or exchanging the texture file. 
The Python library geoTriMesh was designed by the author of this article to provide 
these export capabilities for geographic polygonal data, which is based on the 
GDAL (Geospatial Data Abstraction Library) and the SciPy package stack. It allows 
the transformation of more complex shapes like polygons with holes (donut 
polygons) and multi-polygons into a 3D triangle mesh representation (where the Z-
value is derived from an elevation model). Also, the colour information is stored 
directly within the mesh nodes instead of being transferred to an external image. 
Through this, the static texture map is obsolete and it becomes possible to 
dynamically design the mesh colouring on the client side. 
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In contrast to the approach of using a texture, more advanced colouring capabilities 
can be realised, such as user-driven highlighting of selected features or daylight 
shading in real-time animations. The library calculates the coloured triangle 
meshes by combining geospatial raster and vector data. It supports output formats 
that comprise between X3D and Python Matplotlib/mplot3d codes and export 
capabilities to the Visualization Toolkit (VTK) are being planned. 
The TOCOMEE dataset presented here is an effort to provide 3D basemap data 
for a Web Portrayal Service, which is similar to WMS basemaps from 
OpenStreetMap or Google Maps for 2D viewing applications. It was created by 
utilising the geoTriMesh library together with three public domain datasets that 
contain information on the elevation, administrative boundaries and the colouring. 
The dataset is made available in tiles to allow the dynamical reloading of just the 
current region of interest. A tiling scheme of 5x5 degrees is used for the TOCOMEE 
tiles. 
The dataset comes in two different projections:  firstly, in WGS84 (World Geodetic 
system 1984), which contains latitude, longitude and altitude information; and 
secondly, a version projected to ECEF (earth-centered, earth-fixed; a conventional 
terrestrial system) is available, which contains X, Y and Z information in 3D 
Cartesian space. Here, the tiles form a continuous, elliptical shape of the Earth’s 
rotational geoid (see fig. 1 for a visualization of all the ECEF tiles that were 
imported into the Blender 3D application). Additionally, all the tiles come in three 
different resolutions (crude, intermediate and full) to provide different levels of 
detail for different zoom settings. 
The complete TOCOMEE dataset is distributed under the Creative Common 
Attribution 4.0 International licence (CC BY 4.0). This means that it is distributed 
free of charge and allows for every kind of utilisation, including commercial usage. 
A mere proper attribution is mandatory. 
TOCOMEE was created by utilising the geoTriMesh library named above and 
makes use of three well-established, scientifically sound global datasets as a basis 
for the creation of a topological model of the Earth's surface. The utilised input data 
is described in detail below. The results are intended to be used as base data for 
a 3D portrayal service. They can, however, just as easily be imported into common 
3D modelling and CAD (Computer Aided Design) applications because X3D 
(Extensible 3D) is the utilised distribution format, which is widely distributed and 
supported. 
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The complete TOCOMEE dataset (the WGS84 and ECEF projections) can be 
downloaded at http://www.flatpolar.org/tocomee.html. 
Figure 1: The complete TOCOMEE dataset in ECEF projection (crude resolution), 
which was imported into the Blender 3D modelling application 
 
The library geoTriMesh, which is used to generate a dataset, is available under the 
Apache 2.0 Open Source Licence and can be found on GitHub: 
https://github.com/flatpolar/geotrimesh. It is listed on PyPI, the Python Package 
Index, so that it can be conveniently installed as a Python module via the pip or 
easy_install tools (https://pypi.org/project/geotrimesh/). GeoTriMesh is also 
available as a plugin for the desktop GIS software QGIS, where it can be operated 
via a user-friendly graphical interface. The source code can be found here: 
https://github.com/flatpolar/geoTriMeshQGIS. 
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2. INPUT DATA AND THE PROCESSING METHOD  
Processing the TOCOMEE data requires three kinds of input data:  Firstly, a digital 
elevation model; secondly, a vector file containing the areas of interest as polygons; 
and thirdly, an orthophoto covering those areas of interest. 
The GTOPO30 dataset is utilised for elevation data because it is a global elevation 
dataset with a resolution of 30 arc seconds (approximately 1 km). 
It was published by the USGS (US Geological Survey) in 1996 and is available in 
the public domain (usgs.gov, 2017). The SRTM (Space Radar Topography Mission) 
is also global and a free elevation dataset has been made available since 2000. It 
even features a higher resolution than the GTOPO30. Yet, it does not contain 
elevation information for the arctic regions and was therefore rejected as a basis 
for the TOCOMEE dataset. 
The Earth’s surface colouring is taken from the July image of the Blue Marble Next 
Generation dataset (generated in 2004). It is a composite of MODIS (Moderate 
Resolution Imaging Spectroradiometer) scenes that have a spatial resolution of 
500 m. The imagery of the Blue Marble is in the public domain (nasa.gov, 2017). 
As a final input, the land vector layer from the high resolution (1:10 m) Natural 
Earth data collection is used to obtain polygons in the shape of continents 
(naturalearthdata.com, 2017). 
The complete process of creating 3D mesh grids out of the combination of these 
three input datasets is described in detail in the following sections. 
For satisfactory visualisation performance, the TOCOMEE dataset is published in 
tiles, where each covers 5x5 degrees latitude / longitude of the Earth’s surface. It 
is also delivered in three different levels of resolution. The data is originally 
produced with a 1x1 degree tiling scheme and then recombined to form 5x5 degree 
tiles for download and data handling convenience. 
The complete data processing is implemented in Python (with the source code 
being freely available on GitHub: https://github.com/flatpolar/geoTriMesh). It 
makes considerable use of the GDAL/OGR Python bindings, as well as the SciPy 
package stack. 
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In the first step of the processing, the algorithm iterates over the global input data, 
where every time, a 1x1 degree box is selected. The current selection is then 
clipped from the digital elevation model raster file. The resulting grid is divided in 
rectangles of 2x2 pixels. The centre coordinates of the upper left, upper right and 
the lower left pixels are stored as a triangle-shaped polygon, which is also the case 
for centre points of the upper right, lower left and the lower right pixels. 
Each of these triangular polygons is then intersected with the continent shape 
vectors located in the currently selected region. The coordinates of the features 
resulting from that intersection are subsequently utilised as an input for a Delaunay 
triangulation. The coordinates of the resulting Delaunay triangle points are then 
used to extract the colour of the Blue Marble satellite image for that location. Finally, 
the points for the triangle are saved as a polygon geometry to an intermediate 
shape file along with their respective extracted colours as attribute values. 
The second step consists of forming a homogeneous mesh, which consists of 
nodes and edges, out of the multiplicity of individual triangular polygons. To do this, 
the points for a triangle are iterated through one by one and the current X, Y and 
Z values are copied to a lookup table together with an increasing id number. The 
original coordinates are each replaced by a nodata value and the current id number 
is added to a further attribute field. The copied coordinates are compared to each 
set of stored coordinates. If the comparison results in a match, then the matching 
point is assigned the current id number, while the coordinates are replaced by a 
nodata value. Because a geometric comparison of a multitude of coordinates 
would require an immense amount of time for the huge amount of input data, the 
numbers are rounded to eight digits and then cast to strings to efficiently check for 
equality. 
At the end of the iteration, the original list contains the occurrences of each point 
in the form of id numbers, while the lookup table contains the actual X, Y and Z 
coordinate for each id number. 
While each X, Y and Z combination now appears in the dataset only once, identical 
colour values could be assigned to various points, which would, however, mean a 
waste of memory when loading the data. Therefore, the process is repeated for the 
colour values so that duplicate values are deleted and an id number is assigned to 
the remaining unique colours. 
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While this process of referencing unique colours instead of storing the full colour 
information for every single node is a necessity for huge datasets, it leads to some 
3D applications not being able to display the colour information correctly anymore, 
which is due to a lack of functionality for interpreting colour references instead of 
actual colours. This is the case for the latest version of MeshLab at the time of 
writing, which has also been the case in previous versions of Blender, which is 
where this dataset is primarily targeted. The current Blender releases, however, 
cover this functionality without any problems. 
The point id numbers together with the list of respective coordinates, as well as the 
colour id numbers with the list of actual colour values, are then written to an output 
mesh file. For TOCOMEE, X3D has been chosen as a distribution format because 
it is a widely supported format in 3D modelling and because it represents the 
technological basis for 3D web services. 
Extensible 3D (X3D for short) was released by the W3C (World Wide Web 
Consortium) as the official standard for 3D graphics on the web in 2001 and is 
actively maintained by the Web3D Consortium. It is the successor of the popular 
VRML (Virtual Reality Modelling Language) and features extensions to domains 
such as CAD, and geospatial and humanoid animation (web3d.org, 2017). 
Fig. 2 shows the resulting mesh (without colours to emphasise the triangular 
geometries) for an exemplary donut- and multi-polygon. 
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Figure 2: The elevation mesh produced from a Donut-Multipolygon and SRTM data 
using the city of Pottenstein/Bavaria as an example 
 
  
3. OUTPUT DATASET AND POTENTIAL USE 
The TOCOMEE dataset is an extensive product that offers global, topological 
elevation data with a resolution of 30 arc seconds and is distributed in the X3D file 
format. It consists of 1445 tiles for each of the two projections (WGS84 / ECEF), 
whereby each tile is available in three resolutions. 
The dataset is intended to act as a 3D base map, which are similar to WMS 
basemaps known from 2D GIS mapping clients, and can easily be used for online 
interactive visualisation using the X3DOM framework. Its genuine purpose is to be 
used as a database for a Web Portrayal Service within Spatial Data Infrastructures. 
Additionally, it can easily be imported into common 3D modelling and CAD 
software due to its distribution in the standard X3D format. The data is distributed 
free of charge and is made available under a liberal Creative Commons licence. 
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Fig. 3 shows an exemplary TOCOMEE tile that was imported into Blender 3D. To 
show the colours in the 3D view window in Blender, the viewport shading must be 
set to Texture and the option Shadeless must be selected in the Properties / 
Shading menu (accessible via the n key). 
Figure 3: TOCOMEE tile showing the eastern part of the Alps (with a view direction 
of south to north; full resolution) that was imported into Blender 3D 
4. LICENCE 
The dataset is distributed under the Creative Commons Attribution 4.0 International 
licence. This means that the data can be used without charge, even in commercial 
projects. The data may be distributed freely. If the dataset, or parts of it, are used 
in a published product, then credit must consequently be attributed to the product's 
author(s). 
5. CONCLUSIONS 
The TOCOMEE dataset is, up to this point, the only globally, freely available 
topological elevation dataset. It is merged from three well-known and scientifically 
accurate datasets and is intended to be valuable especially in fields that include 
Spatial Data Infrastructures. While the time of the Web Portrayal Service has yet 
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to come, it is hoped that this dataset may be a valuable data source as a base for 
3D web services. The TOCOMEE data can also be used in domains such as 3D 
modelling, CAD and 3D visualisation. To promote easy distribution and exploitation 
of the dataset, the licence has been chosen to be as liberal as possible, which 
admits unrestricted use that is free of charge as long as proper credit is given. 
6. OUTLOOK 
The next step aimed for is the expansion the dataset to a further file format, namely 
the Unstructured Grid format in the VTK (Visualization Toolkit). In doing so, the 
Paraview application, with its considerable visualisation and editing capabilities, 
can also be used as a front end. This would improve the usability of TOCOMEE 
data within scientific contexts. 
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